This paper investigates the winter road maintenance ecosystem in Finland and discusses its importance in ensuring mobility. The ecosystem model is illustrated using the Customer Value Chain Analysis (CVCA) tool and is constructed based on publicly available material and direct information from stakeholders. The model describes the roles and functions of stakeholders and their value network. With the help of the model, further analysis based on value analysis and value theory is conducted to evaluate the current ecosystem. The service and product offerings of individual stakeholders are isolated and described in more detail. The main idea is to show how individual offerings can supplement each other in the process of value co-creation. To enhance and co-create value, collaborative development of the ecosystem is perceived as the best value capturing strategy.
Introduction and Aims
Our mobility system serves multiple critical functions of our society. The moving of people and goods needs to be ensured not only in everyday circumstances but also in harsher and more exceptional conditions. Weather and infrastructure availability go hand in hand; different weather phenomena affect the transport environment and infrastructure in terms of safety, reliability and accessibility. Recent research findings show that the impacts of weather are quite significant (see e.g. Leviäkangas et al., 2013; Molarius et al., 2013) . In the Northern Hemisphere, winter poses radical challenges to mobility and transport.
In winter, surface land transport infrastructures including roads and railways must be kept in usable condition. Snow must be removed and ice melted or treated, and road users, travellers and transport operators must be made aware of the condition and availability of their route and modal choices. Maintenance service providers carry out these operations at the request of infrastructure owners, which usually are national or local road authorities and railway companies or agencies.
Over the past two or three decades, public sector infrastructure managers have unbundled their functions, with a widening specter of services related to maintenance and construction of transport infrastructures being outsourced to the private sector, while ownership of the infrastructure and ultimate responsibility for it has remained with the public sector . Hence a capable and resourceful service provider network has become an increasingly vital resource for communities and societies in ensuring that basic functions, such as mobility, perform seamlessly and efficiently.
Here we discuss the importance of such a service and technology provider network, which we regard as an ecosystem, in the ensuring of mobility. We focus on winter maintenance of the road network and show how this ecosystem is built in Finland to provide safety, reliability and accessibility of roads, first to infrastructure managers/owners and ultimately -and in particular -to road users. We further discuss and argue that such ecosystems that form a part of critical societal functions are one of the competitiveness parameters of any community, society or country. Unless these ecosystems are made to work effectively, the functions of society will underperform and efficiency losses will materialize.
The purpose of this paper is to model the Finnish road weather ecosystem using systems and value engineering tools in describing the roles of different stakeholders within the ecosystem. Finally, we present some conclusions on the examination of the ecosystem.
Method and Process of Analysis
To understand the current state of the Finnish winter road maintenance business ecosystem, our study applies the approach of systems theory. An ecosystem is, after all, clearly and by definition a system comprising multiple actors having inter-relationships between each other and the environment. Business ecosystems are characterized by a large number of loosely interconnected participants who depend on each other for their mutual effectiveness and survival (Peltoniemi, 2006) . System thinking is a framework for problem solving that considers problems in a holistic manner and attempts to enhance the understanding of, and responsiveness to, the problem (Rubenstein-Montano et al., 2001) . Outcomes from systems thinking depend heavily on how a system is defined, because system thinking examines relationships between the various parts of the system. Boundaries must be set to distinguish what parts of the world are contained inside the system and what parts are considered the environment of the system (e.g. internal and external stakeholders). The environment of the system will influence problem solving because it influences the system, but it is not part of the system (Rubenstein-Montano et al., 2001) . Hence, business ecosystems are considered as systems with economic, social and technological aspects. Different tools can be used to present complex systems: diagrams, flow charts, morphological boxes, etc. (see e.g. Ritchey, 2002; Yourdon, 2012) The ecosystem model is illustrated using Customer Value Chain Analysis (CVCA), which "is an original methodological tool that enables design teams in the product definition phase to comprehensively identify pertinent stakeholders, their relationships with each other, and their role in the product's life cycle." (Donaldson et al., 2006) The tool has mainly been used in the context of product development, where it extends the functionality and utility of the customer supply chain by requiring designers to study the value relationships, or value propositions, between the various participants (Donaldson et al., 2006) . This study applies CVCA to the road weather ecosystem, and in our analysis, CVCA is used to first to draw the model of the ecosystem itself; secondly to evaluate and analyze the current ecosystem and to isolate the service and product offerings of individual stakeholders. The main idea is to show how individual offerings can supplement each other in the process of value co-creation.
The description of the winter maintenance ecosystem model is based partly on publicly available material (annual reports of companies, other reports and printed materials), but also largely on direct information from stakeholders. The analysis is part of the FIRWE (Finnish Road Weather Excellence) research project funded by the Finnish Technology Agency. The process of creating and validating the ecosystem model comprised a series of meetings and workshops held as part of the research in 2012-2013. The drafting was done by the researchers based on publicly available material, and the validation was performed in two workshops (3-4 hours each) attended by four ecosystem members (maintenance equipment manufacturer; vehicle location, measurement and tracking solutions provider; meteorological device manufacturer; and road weather and conditions forecast provider).
The background and theoretical foundations were laid on the basis of literature studies and deskwork. The ecosystem analysis is further based on value analysis and value theory. The attempt is to show that the functions performed by the ecosystem increase the value of the output, and that the value is greater than the sum of the functions as individual activities by individual actors (referred to here as stakeholders). In plain words, the ecosystem can provide value (benefits) to the customers of winter road maintenance, based on the supplementary skills and activities of service suppliers that build the supply side of the ecosystem.
Value is defined by the Society of American Value Engineers (SAVE International, 2007) as follows: (1) Value is formed when the desired functions are performed or delivered using resources in terms of money, time, materials, etc. When this principle is applied to service supply chains, i.e. value networks that deliver service rather than individual functions, we can state (see Leviäkangas & Hietajärvi, 2010 ) the following: (2) In essence, the above conceptual value model (where functions and resources can run up to n in order to build the service aspired to) describes the philosophy of ecosystems providing services that have value to the users by combining their resources and functions. Resources must be understood not only as costs of delivering a function but also as technologies, capabilities, distribution networks, market presence, and so forth. The list can be whatever the particular context may define as a resource. For example, in an ecosystem a small company offering unique technology may enable a service that would not be possible without it; or for some ecosystems a customer base managed by one company will enable the ecosystem to widen its customer base and increase sales revenues for all stakeholders within the ecosystem.
As we proceed with our analysis, the principles of value and value chain analytics principles become evident. We distinguish between the different functions (service and product offerings) of the ecosystem stakeholders in a value network and discuss the end-user value, which in fact becomes a socio-economic benefit that justifies performing the functions in the ecosystem. We also discuss the challenge of transforming this socio-economic benefit into tangible cash flows expected by the supply side of the ecosystem.
Depending on how we define the ecosystem, we can either have the supply side, i.e. the pure business ecosystem comprising companies with their offerings, or we can have the entire ecosystem with both the supply and demand side. We adopt the latter approach, with the resulting considerations between the dynamics of the two sides.
How Ecosystems Are Building a Competitive Advantage

Business Ecosystems
A business ecosystem is an economic community supported by a foundation of interacting organizations and participants. In ecosystems, participants can co-evolve capabilities around new innovations by collaborating to support new offerings, satisfy customer needs and eventually discover innovations (Moore, 1993) . Iansiti and Levien (2004b) have described business ecosystems as "loose networks -of suppliers, distributors, outsourcing firms, makers of related products or services, technology providers, and a host of other organizations -that affect and are affected by the creation and delivery of a company's own offerings." In other words, ecosystems include a large number of loosely interconnected participants who depend on each other for their mutual effectiveness and survival (Iansiti & Levien, 2004a) . In this study, the participants of ecosystems are called stakeholders. A stakeholder is any organization in the ecosystem that can affect or is affected by the achievement of the ecosystem's objectives (Freeman, 1984) . Typically the stakeholders are further divided into internal and external. Internal stakeholders are direct members of the ecosystems and hence have a clear role in them. External stakeholders are not formal members of the ecosystem, but may have an impact or are impacted by the ecosystem (Winch & Bonke, 2004; Cleland, 1986) .
From Value Creation towards Value Co-creation
The ultimate purpose for a buyer and seller engaging in a relationship is to work together in a way that creates value for them. Walter et al. (2001) have defined value "as the perceived trade-off between multiple benefits and sacrifices gained through a customer relationship by key decision makers in the supplier's organization. Those benefits and sacrifices can result from the relationship under question as well as from connected relationships on which the focal relationship has an impact or is impacted by those other relationships."
Value creation should always be a win-win situation and the supplier needs to offer value to the customer but also needs to gain benefits from the customer (Walter et al., 2001) . Therefore, in the current value chains, stakeholders no longer solely create value and thus wish to insert themselves into the chain and open up the possibility of contributing to value creation with their own activities. Ramaswamy and Gouillart (2010) have called this situation value co-creation. It is about redefining the process and methods, and redefining how organizations involve stakeholders by bringing them into the value stream and value creation process and involving them in it. Basically, value co-creation adds to project stakeholder collaboration and at the same time shifts the mindset from a traditional "subsystem delivery" to "system ensemble and experience co-creation."
Another view of value co-creation is the dual division between supply and demand. Typically business ecosystems combine their offerings in order to better meet customers' expectations and aspirations. Likewise, the lowering of the threshold between customers and suppliers can lead to closer co-operation between the demand and supply sides, where mutual benefits can be realized -suppliers having a better understanding of their customers' needs and customers gaining better service and enhanced value for their money. The demand-supply divide follows the division between the public and private sectors (see Figure 1 ) and the most effective positioning of the divide has been under very active debate during the last two to three decades in the context of new public management (see e.g. Gruening, 2001) . One of the embodiments of co-creation between the public and private sectors is public-private partnerships (PPP). Also PPPs have been studied to a vast extent in all sectors of societal functions, but perhaps mostly within the transport sector, which makes it a noteworthy concept with regard to winter road management as well, albeit the fact that PPPs are mainly encountered as applications to procure and finance capital projects (see e.g. Leviäkangas & Ojala, 2010) .
The trend of moving from value creation towards value co-creation perfectly matches the idea of developing the business ecosystem of Finnish road winter maintenance. At the moment, the value creation processes of both firms and stakeholders are mainly focused on their own products and services. Hence the synergistic benefits and values that could be co-created by working together in an ecosystem have not yet been defined, and there are no systematic ways of managing the ecosystem. However, the stakeholders in the Finnish road winter maintenance ecosystem have shown an interest in starting to develop the current value chain and their offerings towards a well-defined ecosystem, which identifies its capabilities and values in order to create efficient and safe "winter mobility markets".
Value creation or co-creation itself comprises three compelling phases: value identification, value proposition and value delivery (Murman & Allen, 2002) . In the first phase, the stakeholders and their values, needs and offerings are identified, followed by the value propositions that combine values, needs and offerings into collective purposes and objectives. Customer and external stakeholder perspectives of value are often understood more or less differently, and seeking a consensus is further complicated by the stakeholders' (both internal and external) disparate revenue logic. Therefore careful consensus building and effective delivery processes are needed to merge the diverse needs and objectives. The complexity and disparate value perceptions are very common in service delivery value networks, and are typically encountered in information-intensive services as described by Leviäkangas (2011) and Herrala et al. (2009) .
Ecosystem Dynamics
There is a deeper dynamics between ecosystem stakeholders, regardless of their positioning or role within the ecosystem. Weiller & Neely (2013) correctly identify that on the supply side of the ecosystem, the business models of individual companies partly depend on the ecosystem they are working in, but affect it at the same time. Hence the ecosystems are dynamic in terms of evolution phase (time) and content (composition and operating modes and business models of the members). Early stage ecosystems (usually smaller and consisting of smaller companies) change as the key stakeholders change their business models. Exit or entry of stakeholders likewise changes the logic, structure and operating and/or business models of remaining ecosystem members, unless there is a perfect substitute to fill the empty position or the entrant is merely replacing a leaving member.
The fewer vital key members there are in the ecosystem, the more vulnerable it becomes in terms of entry and exit of these particular members, as substitutes may be difficult to find or non-existent. On the other hand, the internal dynamics of the ecosystem becomes simpler and more straightforward when the number of members is limited. At the same time, yet, the interdependency between the members increases. Simplicity may also be a strength, especially in the early evolutionary phase of the ecosystem, or when the market size in which the ecosystem is operating is limited. The topological structures of ecosystems are probably of a wide variety, but state-of-the-art industry structure analysis tools can be used, for example when measuring the concentration of market power and size (see e.g. Zulkarnain & Leviäkangas, 2012 for an analysis of the intelligent transport systems industry in Finland).
Winter Maintenance Ecosystem
A Generic Model
The question of how winter maintenance services can be turned into societal benefits in a way that brings value both to the supply and demand sides of the ecosystem can be described as a traditional value chain. The offerings (i.e. functions) of supply side technology, component, system, service and value-added service providers are 'packaged' into services that are demanded by end users. Not only does the supply side comprise a value chain, but so does the demand side; road authorities acting on behalf of road users, for instance, may have certain functions that add to the value of end-user services. Public information on road conditions, management and control functions in maintenance operations are examples of such 'services' provided to road users.
The divide between supply and demand is not fixed. As policy changes in infrastructure management have increasingly shifted the responsibility, at least in operational terms, to the private sector, the dividing line has been shifting from left to right (see Figure 1) , reducing the role of the public sector. Another change could be forced by technology, and is the case here where information and communications technology (ICT) has played a huge role in recent years. The ICT enabler has pressed the public sector into redefining its role in many functions, not only those concerning winter maintenance. While the sole enabling factor has been only one motivation, the 2014 capability of the public sector to manage this change has probably been equally important. Where enablers are not mastered and there is not enough capability to govern the new situation, the obvious answer has been to shift part of the responsibility onto the private sector (Leviäkangas & Hietajärvi, 2010) .
The obvious conclusion is that the ecosystems may be highly unstable if technology and policy changes are affecting the environment they operate in. 
The Current Finnish Winter Maintenance Ecosystem
The ecosystem of road maintenance in Finland is built around three types of roads: state-owned highways and other public roads, municipal streets, and private roads. All stakeholders represent some function connected to these three types of roads. The main purpose and objective of the ecosystem is to provide safe and fluent road conditions for traffic and end users, including private, commercial and other professional traffic. Figure 2 illustrates the current perception of the Finnish winter road maintenance ecosystem and the value network. Additionally, Manufacture of road maintenance equipment that can be installed in road maintenance vehicles, for snow removal, anti-skid treatment and data logging depending on the functions of the devices.
Internal (S)
Vehicle location, measurement and tracking solutions provider Provides systems and solutions for monitoring e.g. the location of the vehicle, route history, hours of operation.
Meteorology and observation device manufacturer Provides a comprehensive range of observation and measurement products (e.g. road weather stations, RWS) and services for chosen weather-related markets.
Device maintenance service provider Repair services include fault tracing and repair or replacement of failed RWS and components, and final testing to ensure that the equipment is functioning properly.
External Road and weather conditions observations provider & Data collection management
Road and weather condition observations are collected and produced with public funds and are thus freely provided by the Finnish Meteorological Institute and the Finnish Transport Agency. Data management is also handled by the organizations.
Internal (S)
Road weather and conditions forecast provider Offers a wide variety of weather services for commercial shipping, road maintenance and air traffic using different models, observations and meteorological expertise.
Internal (S, D)
Decision support system provider The system collects and uses current and historical road weather and pavement information. Allows decision-makers to use a system that provides guidance as to what to do based on current and predicted weather.
Internal (S)
Decision support service provider (aka Road Weather/Management Center)
Monitors weather and road weather conditions. With the help of accurate and frequently updated weather forecasts, the right equipment can be sent off to clear the street of snow, ice and slush at the right time. Emergency requests can be transmitted directly to drivers or the customer's work supervisors as agreed. In addition, produces weather and road weather information that can be used over the Internet.
Internal (S, D)
Road maintenance service operator & Maintenance tracking data provider Undertakes maintenance operations according to agreements with road authorities/infrastructure owners. Keywords in winter maintenance are the anticipation of road weather conditions, selection of the right measures and their correct timing. Anticipation prevents worsening of road weather conditions and reduces the need for preventive actions. Correct timing of tasks also improves the economic efficiency of operations.
Internal (S) Road authority/owner
The main purpose is to keep roads usable every day and ensure that traffic can flow safely. The owners are responsible for maintaining roads plus adjoining structures, bus stops and road lighting. Nowadays the maintenance is usually outsourced.
Internal (D)
User of road and infrastructure
End users (private people, commercial and other professional users) are those who use the infrastructure and for whom it is maintained. 
Social Benefits of Winter Maintenance
Bläsche et al. (2011) identify snowfall, low temperatures and blizzards as the most significant extreme weather phenomena related to winter road transport. The main impacts of these conditions are longer travel times, an increased risk of accidents and reduced accessibility of the road network. Strong et al. (2010) have found that adverse weather conditions reduce traffic speed and increase the frequency of crashes while decreasing the number of fatal crashes.
Road weather solutions that collect, refine, and/or distribute information to road users and to maintenance actors can provide significant societal benefits by mitigating these impacts as identified by e.g. Pilli-Sihvola et al. (2012) . Fabre and Klose (1992) maintain that the estimation of costs and benefits of a road weather information system should take into account road maintenance activities, driving costs, and environmental, social and psychological effects. They see that the most important benefit of RWIS is the possibility of anticipating icy road surface conditions and eliminating accidents caused by slipperiness by responding to poor road conditions more quickly. Additional benefits can be gained from improved maintenance methods through more efficient distribution of work and personnel and reduced use of maintenance materials. Leviäkangas and Hietajärvi (2010) compiled a summary of road weather information services and RWIS benefits, which showed typically clear positive benefit-cost ratios.
However, aside from information benefits, the benefits of actual maintenance operations have been studied much less, although a few early studies can be found. A report by the Finnish National Road Administration (1993) assessed the benefits of the road weather information system taken into use in Finland in 1987-1992. Time savings from de-icing activities were estimated to be 23 minutes per activity on average. With an average accident cost of FIM 300 000 and presumed change in accident risk (between icy and dry conditions) of 5.8 accidents / 1 000 000 km, the annual benefits due to quicker maintenance operations in the Kymi road district were found to be as follows: The report by the Finnish National Road Administration (1993) also describes a pilot in 1991-1992 in the southern region of the Turku district, where a centralized road weather center was tested. In the centralized road weather center concept, road conditions are remotely monitored at a single centralized location. In normal conditions, on-duty staff was not sent out on the roads. In more difficult conditions, regional on-duty staff was called in to monitor the conditions on the road. Estimates of the resulting savings in personnel costs ranged from FIM 0.5M to FIM 1.0M, but these results applied to the historical situation when the road authority was an integrated entity, i.e. taking care also of the operational snow removal, de-icing and other winter maintenance. By 1995, the road weather center model was in use nationally by the Finnish Road Administration.
Value Capture Strategies for the Business Ecosystem
Various methods exist for developing road winter maintenance ecosystems. However, to enhance and co-create the value, joint development of the ecosystem has been seen as the best value capturing strategy so far. Joint development is a strategy that offers synergic benefits for the ecosystem by combining the services or knowhow of different stakeholders into a sophisticated entity. In this sense, successful joint development may improve market efficiency by better linking the costs and benefits of road winter maintenance improvements.
In the existing ecosystem, five ecosystem stakeholders (meteorological observation device manufacturer, maintenance equipment manufacturer; vehicle location, measurement and tracking solutions provider; meteorology and observation device manufacturer; and road weather and conditions forecast provider) have seen the potential of carrying out some joint development activities and thus deepening their business relationships. The overall idea is to enhance the development of a next generation decision support system (DSS) that offers accurate and the most recent possible road weather and condition information, thus helping the decision support service provider to deliver better information and recommendations for road maintenance service operators. It is worth noting that taking such a step requires ecosystem members to pull together rather than relying on the trendsetting of lead companies. The existing DSS acts as a premise for the new system. At present the existing system cannot exploit the incoming information as well it could, or the information is inadequate. Therefore the objective set for the new DSS is to collect the necessary information from those with the most favorable conditions, and finally analyze and refine it in the new system. This approach also enables every participant to focus on their core business and development.
In the new system the role of the decision support system provider remains roughly the same, still focusing on providing road condition forecasts. However, the current ecosystem has some overlap because the weather forecast provider also offers road condition forecasts, although this is not their core business. Thus the two players have decided that the latter will concentrate on weather forecasts while the former continues its focus on road condition forecasts.
Additionally, the maintenance equipment manufacturer has equipped their latest models with different kinds of technology, sensors and meters that collect data during maintenance (e.g. location, friction, temperature, de-icing, performed maintenance activities). Therefore they can provide real-time information about the weather and road conditions to the new DSS. Naturally, the more comprehensive equipping of maintenance equipment increases the demand for sensors and technology and hence provides wider markets for the vehicle location, measurement and tracking solutions provider and meteorological observation device manufacturer.
According to these five stakeholders, the most optimal situation would be for the road authorities or state to procure the new DSS when it is ready. Thus large-scale deployment and usage of the system would be more likely, ultimately manifesting itself in a safer and more reliable mobility market. At the same time, the ecosystem stakeholders could develop the ecosystem further. The risk, however, is that public procurement practices require splitting bids into smaller contracts, which inflates the system packaging efforts of the ecosystem. Hence public sector clients face the difficult dilemma of how to boost innovation and take systems to a new level while maintaining market neutrality and not favoring any given ecosystem over another. Inevitably, there will be pros and cons to whichever direction is taken.
Conclusion and Discussion
The conclusions are drawn from our case analysis of the Finnish winter maintenance ecosystem, and from some of the more generic studies on ecosystems. Studies on road weather information systems also contributed. We postulate the following:
1. Business ecosystems are vital in order to deliver not only market-demanded services but also services that are regarded as societal and public.
It seems that the more functions an ecosystem is able to provide, the better prospects there are to integrate these functions into service packages that take service and the satisfaction of user needs to a newer level. Especially in smaller markets, such as Finland, the demand is restricted and the public procurement standards are very specific, even to the extent that it has been identified as a bottleneck for new innovations, and public procurement is set on a high priority in boosting them. This is done not only at national but also at EU level (see e.g. Government of Finland, 2008; European Commission, 2010) .
For a winter road maintenance ecosystem such policies are truly good news, but according to our observations, the distance between 'policy talk' and 'practice' is somewhat obvious. Years after the national and EU-level declarations, the practices of public procurement remain relatively unchanged, at least in Finland. Our perception is that there are major differences between countries in how they apply public procurement and how successful they are in this with regard to development of competitive business ecosystems, not only for their domestic markets but also for international competition.
The conclusion on the relevance of public procurement places high expectations on public officials who should at the same time ensure high quality services with acceptable price and facilitate innovation. The risks of innovation procurement are evident, yet few public managers are rewarded for such risk taking. It seems that public sector management systems are lagging behind the technological evolution and changing market conditions. However, the public sector needs capable ecosystems, as they are reducing their operational functions and increasingly relying on the private sector's ability (and willingness) to provide services either through contracts with the public sector or purely market demand.
Even small firms that have unique capabilities (offerings) can have a key role in a business ecosystem.
This postulate is self-evident but is extremely relevant in a small-market context, where most of the firms are small anyway. Where niche areas, as winter road maintenance inevitably is, are concerned, the second postulate is well understood. Friction measuring technologies, precise road condition prediction models, and a dedicated For larger firms the capabilities can, apart from technology, be related e.g. to the market position and customer base. This is exactly the situation with the Finnish winter road maintenance business ecosystem. One world leading company sought a partnership with smaller companies to create service packages and systems that are diversifying from the mainstream offerings of its competitors.
The capabilities of ecosystems define the service levels and societal gains.
The ecosystems' capabilities, their offerings, and their coherence in sharing common objectives in the provision of services define how good the services are in the end. The coherence is not only about risk and revenue sharing agreements between the supply side of the ecosystem, but also about coherence in client-supplier interfacing. This means that contract models, business models of suppliers, and successful managerial control on issues that are the elements of good service must go hand in hand. Thus it is not only the business players who must play together toward a common goal, it is also the public side. Conflicting interests are inevitably there, but these must be managed on both sides, as well as within the supply and demand side.
For the winter road maintenance ecosystem, contractual arrangements are of paramount interest. Performance based contracts, quality and service level measurement and rewarding mechanisms are intuitively some of those aspects that will have an impact on service levels and how well the level of service is understood by all parties. The more transparent the framework for service quality management is, the greater will be the likelihood of success.
From the technological viewpoint, novel service concepts will likely demand new technological solutions, both at component and system levels. This in turn is facilitated when performance type contracts are adopted. Process based contracts, as has often been repeated, have a tendency to place more emphasis on process efficiency enhancement rather than on underscoring service levels and value for money. And the latter is exactly what healthy ecosystems should be looking for.
The emergence and success of ecosystems is a dynamic process requiring a multifaceted responsiveness.
Here we mean that, as stated earlier, the emergence and nurturing of ecosystems requires effort on both sides, both demand and supply. Contractual models are a typical example of this. However, there are further facets to this development. One of the typical mindsets of corporate managers is that their company is on its own and must survive competition against others. This may be the case, but if ecosystems are truly to emerge more extensively, the mindset of managers must focus more on partner seeking and alliance building. No company alone can, for example, offer "everything on winter road maintenance", at least not if we understand the concept as a full-scale management of winter road conditions. Wide-covering contracts are possible, but for example meteorological observations and expertise in interpreting and forecasting road weather conditions must be sought outside road maintenance companies, no matter how diversified they are. Winter road maintenance is and will remain a group endeavor.
As previously mentioned, technology changes must be reacted to and responded to. These changes can be either opportunities or threats to individual companies or even existing ecosystems. Technological drivers are particularly relevant, as they tend to quickly affect engineering businesses, even if winter road maintenance is seldom perceived as a fast-pace tech biz. However, it could well be that. The push in technology will pose managerial challenges in conventional engineering fields, and not only on the private side. Each forward-looking transport agency or road authority should consider having a CTO on their management board.
Finally, as with each product or service, each ecosystem and its services must pass the ultimate market test, the end user. Unless road users (consumers) are 'buying' the service it is difficult to see that an ecosystem would have a promising future. Even if the end customers are not directly paying for the services, in the current world of open media, dissatisfaction will relay to a wider audience and local decision makers.
